Diagnosis of acute onset convulsive disorders in the dog requires consideration of exposure to a variety of toxicants, including strychnine, insecticides, metaldehyde, zinc phosphide, methylxanthines, drugs, bromethalin, and the tremorgenic mycotoxins roquefortine and penitrem A. 1,4,7,10,21 Several of the above (insecticides, metaldehyde, drugs) can be identified in a single gas chromatography/mass spectrometry (GC/MS) screen, 15-19 but others require a specific assay for the substance in question. The tremorgens have most commonly been determined by thin-layer chromatography (TLC) 8, 14, 16, 17 or high-performance liquid chromatography. 6,23 Direct insertion probe electron-impact mass spectrometry (EIMS) was utilized to test negative strychnine samples for roquefortine, 10 and a significant number (23%) were positive for the tremorgenic mycotoxin. Evaporation from the probe affords limited ability to resolve coextracting substances, resulting in a high potential for interferences during direct insertion probe EIMS. Experiments were therefore conducted to develop a tandem mass spectrometry (MS/MS) procedure to identify the tremorgens roquefortine and penitrem A in suspect poisonings when strychnine and GC/MS assays are negative. With MS/MS, the mass spectra of specific molecules in a mixture can be obtained without prior gas chromatographic separation through selection of parent ions with the first mass filter, generation of daughter ions by collision of the selected parent ions with argon atoms, and separation of the daughter ions with a second mass filter. The first mass filter in effect is capable of replacing the gas chromatographic step by admitting a very select group of ions, those with the mass of the parent ion only, into the collision chamber to be fragmented for further analysis of the daughter ions. In the past 13 months, 7 cases negative for strychnine were found positive for roquefortine (with 6 also positive for penitrem A) by this procedure. In all 7 cases, viridicatin, a nontoxic metabolite produced by several Penicillium spp. , 2,3,11 was also identified by the GC/MS screen. Furthermore, no samples positive for viridicatin in the GC/MS screen have been negative for roquefortine at this point.
MS/MS screen for the tremorgenic mycotoxins roquefortine and penitrem A W. Emmett Braselton, Patrick C. Rumler Diagnosis of acute onset convulsive disorders in the dog requires consideration of exposure to a variety of toxicants, including strychnine, insecticides, metaldehyde, zinc phosphide, methylxanthines, drugs, bromethalin, and the tremorgenic mycotoxins roquefortine and penitrem A. 1, 4, 7, 10, 21 Several of the above (insecticides, metaldehyde, drugs) can be identified in a single gas chromatography/mass spectrometry (GC/MS) screen, [15] [16] [17] [18] [19] but others require a specific assay for the substance in question. The tremorgens have most commonly been determined by thin-layer chromatography (TLC) 8, 14, 16, 17 or high-performance liquid chromatography. 6, 23 Direct insertion probe electron-impact mass spectrometry (EIMS) was utilized to test negative strychnine samples for roquefortine, 10 and a significant number (23%) were positive for the tremorgenic mycotoxin. Evaporation from the probe affords limited ability to resolve coextracting substances, resulting in a high potential for interferences during direct insertion probe EIMS. Experiments were therefore conducted to develop a tandem mass spectrometry (MS/MS) procedure to identify the tremorgens roquefortine and penitrem A in suspect poisonings when strychnine and GC/MS assays are negative. With MS/MS, the mass spectra of specific molecules in a mixture can be obtained without prior gas chromatographic separation through selection of parent ions with the first mass filter, generation of daughter ions by collision of the selected parent ions with argon atoms, and separation of the daughter ions with a second mass filter. The first mass filter in effect is capable of replacing the gas chromatographic step by admitting a very select group of ions, those with the mass of the parent ion only, into the collision chamber to be fragmented for further analysis of the daughter ions. In the past 13 months, 7 cases negative for strychnine were found positive for roquefortine (with 6 also positive for penitrem A) by this procedure. In all 7 cases, viridicatin, a nontoxic metabolite produced by several Penicillium spp. , 2, 3, 11 was also identified by the GC/MS screen. Furthermore, no samples positive for viridicatin in the GC/MS screen have been negative for roquefortine at this point.
Twenty grams of stomach contents or vomitus from dogs exhibiting neurologic signs were extracted and purified by a modification of a GC/MS extraction procedure previously described. 19 Samples were homogenized with 1 ml diphenylamine a (20 µg/ml in CH 2 Cl 2 ) and 300 ml acetonitrile in a Waring blender. The mixture was suction filtered using Whatman no. 4 paper and transferred to a 1-liter separatory funnel with 10 ml of saturated NaCl solution and 600 ml deionized water. The solution was extracted twice with 100 ml each CH 2 C1 2 , adjusted to pH > 9 with boric acid buffer (25 g boric acid/liter adjusted to pH 11 with approximately One-microgram roquefortine standard. B. Twenty-milligram equivalents of extract of stomach contents from a dog (see Fig. 1 ) with an acute convulsive disorder and positive for viridicatin but negative for strychnine. C. Twenty-milligram equivalents of extract of the stomach contents from a dog with an acute convulsive disorder but negative for both viridicatin and strychnine. MS/MS conditions as described for Fig. 1 . 30 g NaOH), and extracted twice more with 100 ml CH 2 Cl 2 each time. The 4 CH 2 Cl 2 fractions were combined by filtering through anhydrous Na 2 SO 4 into a round-bottom flask and reduced to 5 ml on a rotary evaporator. One half of the sample was taken for purification by gel permeation chromatography (GPC). The remaining half (the precolumn fraction) was taken to dryness with a stream of N 2 and resuspended in 1 ml CH 2 C1 2 , and 2 µl was applied to a direct insertion probe for MS/MS analysis. MS/MS was carried out on a TSQ-70 triple-stage quadrupole mass spectrometer. b Typical operating conditions for identification of tremorgen residues were as follows: electron energy = 70 eV; electron current = 200 µA; electron multiplier = -1200 V; conversion dynode = -10.0 kV; source = 150 C. Collision-activated dissociation (CAD) studies were conducted using argon as the collision gas at a pressure of 1.0 mtorr with the collision energy at -10 eV.
The other half of the original CH 2 Cl 2 extract was evaporated to dryness with a stream of N 2 , dissolved in 5 ml cyclohexane/CH 2 Cl 2 (85:15), and purified by GPC. c The fraction eluting between 165 ml and 490 ml was evaporated to near dryness on a rotary evaporator, transferred to an autosampler vial, evaporated to dryness, and dissolved in 0.1 Fig. 1 ). D. MS/MS parent ion spectrum (parents of m/z 547) of 1 µg penitrem A standard. E. MS/MS parent ion spectrum (parents of m/z 547) of 20mg equivalents of extract of stomach contents from a dog with an acute convulsive disorder and positive for viridicatin but negative for strychnine (see Fig. 1 ). ml cyclohexane/CH 2 Cl 2 (50:50). The sample was analyzed by GC/MS d on a 0.25-mm x 15-m fused silica capillary column (DB5) c temperature programmed from 80 to 300 C.
Roquefortine was identified in the precolumn fraction of 7 samples by the argon CAD (ArCAD) spectrum of daughter ions from the electron impact (EI) parent ion m/z 389 (Fig.  1) . The 70-eV EI spectrum of roquefortine has been described previously, 14 with major ions at M+ = 389, M-C 5 H 9 = 320, and m/z 198, 192, 157, and 130. Characteristic MS/MS ArCAD daughter ions were m/z 320 (M-C 5 H, 9 , 198, 192, 185 , and 130 (Fig. 1) . The instrumental detection limit for roquefortine by ArCAD daughter ion MS/MS was 25 ng (3:1 signal : noise on the thermal volatilization profiles). Representative direct insertion probe thermal volatilization profiles from reference roquefortine, f a positive sample, and a negative sample are shown in Fig. 2 . Between 2.0 and 2.5 minutes, the reference roquefortine and the extract from an affected dog both exhibited a peak in the daughters of 389 Thermal volatilization total ion current profiles from direct probe MS/MS analysis. A. One-microgram penitrem A standard. B. Twenty-milligram equivalents of extract of stomach contents from a dog (see Fig. 1 ) with an acute convulsive disorder and positive for viridicatin but negative for strychnine. C. Twenty-milligram equivalents of extract of the stomach contents from a dog with an acute convulsive disorder but negative for both viridicatin and strychnine. The upper graph in each block of 2 is the ion current profile resulting from ArCAD parents of m/z 547; the lower graph is the ion current profile resulting from ArCAD daughters of m/z 633. MS/MS conditions as described for Fig. 1. reconstructed total ion chromatogram. Only background noise at a signal strength approximately 2 orders of magnitude less could be observed in the control stomach contents (Fig. 2) . Daughter ion spectra obtained in the 2-3-min region contained only low level random noise, reflective of the high degree of specificity afforded by MS/MS.
The 70-eV EI spectrum of penitrem A has previously been described, 5, 12 with major ions at M+ = 633, M-H 2 0 = 615, M-C 5 H 9 = 564, and M-H 2 O-C 5 H 8 = 547. For the MS/MS studies, penitrem A was identified by the parent ion scan of the ArCAD daughter ion m/z 547 ( Fig. 3) and confirmed by the ArCAD spectrum of daughter ions from the EI parent ion m/z 633 (Fig. 3) . The instrumental detection limit for penitrem A by ArCAD daughter ion MS/MS and by parent ion MS/MS was 25 ng (3:1 signal : noise on the thermal volatilization profiles). Representative thermal volatilization profiles from reference penitrem A, f a positive sample, and a negative sample are shown in Fig. 4 . The reference penitrem A and the extract from an affected dog both exhibited a peak between 2.67 and 3.17 minutes in the reconstructed total ion chromatograms of parents of 547 and in the reconstructed total ion chromatogram of daughters of 633. In the corresponding chromatograms from the stomach contents of a negative dog, only background noise at a signal strength 1-2 orders of magnitude less was observed. Penitrem A was found in 6 of the 7 canine samples positive for roquefortine. Insufficient sample was available for confirmation in the other case.
GC/MS of the GPC-purified fraction revealed a compound that eluted with a retention time of 15.9 minutes. This compound was identified as viridicatin by a computer library search of its EI mass spectrum and compared with the published spectrum. 11 Characteristic fragment ions were M+ = 237, (M-H)+ = 236, m/z 190, and m/z 180. 11 Viridicatin was present in all samples positive for roquefortine and penitrem A, suggesting that viridicatin may be useful as a flag, readily identified in the GC/MS screen, for the presence of the 2 tremorgenic mycotoxins in vomitus or stomach contents.
Concurrent production of roquefortine and penitrem A by Penicillium spp., including P. crustosum, P. cyclopium Westling, and P. commune, has been demonstrated in culture extracts. 9, 13, 20, 22 This is the first report of the concurrent presence of both toxins naturally occurring in field cases involving canine toxicity and raises the issue of the potential synergistic activity of the 2 toxins. In previous reports of field cases, however, only 1 or the other of the toxins was assayed. 1, 8, 17, 18 To our knowledge, the toxicity of concurrent exposure to the 2 tremorgens in dogs has not been investigated in vivo. Viridicatin is a nontoxic metabolite produced by P. viridicatum and P. cyclopium Westling, as well as other Penicillium species. 2, 3, 14 Because MS/MS is a technique not readily available to a majority of laboratories, we are currently investigating methods to allow concurrent analysis of roquefortine and penitrem A with analysis of strychnine utilizing TLC. A cucumber mount for processing lung biopsy specimens from calves Bruce W. Brodersen, Clayton L. Kelling Visualization and proper orientation for processing of biopsy specimens from pulmonary endoscopy for histologic sectioning is frequently a challenge due to the small size of the specimen. The specimen can also be easily lost during processing. Our solution for this problem was to adapt procedures previously described for biopsies from other anatomical sites.
Sources and manufacturers
The procedure involved using slices of cucumber as a support for the biopsied specimen. The cucumber slice has been used for processing cervical, 6 intestinal, 1,2 urinary bladder, 7 laryngeal, 4 and conjunctival biopsies. 3 The cucumber mount allowed for proper orientation of the specimen and provided a means for handling the specimen without directly contacting and disrupting tissue architecture.
Cucumbers were peeled and sliced longitudinally in quar-ters, and seeds were removed. Quarters were sliced into sections approximately 2-3 mm thick. Each slice was cut again into small pieces approximately 6 x 6 mm square. 
